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A TG-10CA GAS TURBINE-PROPELLER ENGINE
IT - WINDMIZLLING CHARACTERISTICS

By E. W. Conrad and J. D. Durham

SUMMARY

An investigatlon has been conducted in the Cleveland altitude
wind tunnel to determine the operational and performance character-
istics of the TG-100A gas turblne-propsller engine. As a part of the
investigation, windmilling characteristics were determined for a
rangs of altitudes from 5300 to 35,000 feet, true alrspeeds from
100 to 273 miles per hour, and propeller-blade angles from 48 to 46°.

The desirability of feathering the propeller of an inoperative
engine was indicated by the high windmi’ling speeds and nigh drag
values otherwise cbtained. Extrapolation of the data showed that
excessive windmilling speeds wguld be reached for propsller-blade
angles from 5° %o 41° at a true ailrspeed of 500 miles per hour.

A% an sltitude of 35,000 feet, g true airspeed of 273 miles per

hour, and a propeller-blade angle of 38°, the. drag horsepower of the
teat installation was 585. When the propeller-blade angle was
decreased to 60, with a true alrspeed in the tumnel of 255 miles per
hour, the drag horsepower of the installastlon increased to 2647.

For all conditions, maximum engine windmilling speed was obtained

at proveller-blads angles between 10° and 16°. The application of
generalizing factors to engine windmilling speed, alr flow, and
combustlion-chamber pressure drop gave good resulis,

INTRODUCTION
At the request of the Alr Materiel Command, Army Air Forces,

an investlgatlon has been conducted in the Cleveland altitude wind
tunnel to determine the operational and performance characteristics

CONFIBENTIAL
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of the TG-100A gas turbine-proveller engine. The performence character-
lstics are presented in referencs 1. . .

Ag 8 part of the Investigation, the windmilling characteristics
were obtalned for a range of altitudes from 5000 to 35,000 feet, true
alrgpesds from 100 to 273 miles per hour, and propeller-blade angles
from 4° to 46°. The windmilling speed, the air flow, and the drag are
presented for the range of simulated fllght conditions investigated.
Over-all preasure distributions through the engine and pressure surveys
at sach of the measuring statione are shown for the maximum wind-
milling speed at each simulated flight condition. A complete tab-
nlation of the data is presented. No correctlou has been made for the
tunnel blocking effecte of the propeller.

INSTALLATTON AND TEST PROCEDURE

Components of the TG-100A gas turbine-projeller englne include
a l4-stage axial-flow compressor, nine cylindrlcal counterflow ) )
combustion chambers, and & single-stage turbine, Power ls trane-
mitted to the propeller by two stages of planetary gears having an
over-all reduction ratio of 11.3513 to 1. A four-blade super-
hydromatic propeller (hub design 4260) 12 feet, 7 1nches in dlameter
was used, Automatic and manual propeller controls and a blsde-angle
indicator were provided for thie investigation. The blade-form curves
for this propeller are shown in figure 1,

The engine was mounted in a specially designed wing nacelle
installed in the 20-foot-diameter test section of the altitude wind
tunnel (fig. 2.) Alr wae supplied to the engine by two ducts having
openings in the leadling edge of the wing, ad ghown 1in figure 3.
Temperature and pressure measurements werc ohtained at eight stations
along the path of air flow through the installation, A more complete
description of the englne and test installation ig glven in reference 1,

Each serles of conditlons was obtalned by varylng the propeller-
blade angle and malntaining constant altitude and true airsepeed. The
Investigation was conducted at approximetely NACA standard altitude
conditions. - '

SYMBOLS
The following symbole are used in the calculations:

A crosg-gectional area, square feetb
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D/qg windmilling drag coefficlent,
total drag of 1nsta11ation - streamling drag square feet
free-gtrecam dynamic pressure

Dt total drag of installatlon, pounds
g acceleratlon due to gravity, feet per second per second .
)23 enthalpy, Btu per pound
J mechanical equlvalent of heat, foot-pounds per Btu
N engins speed, rpm .
P total pressure, pounds per sgquare foot absolute
P static pressure, pounds per sguare foot absolute
dg free-gtream dynamic pressure, pounds per square foob
R gas conatant _
shp shaft horsepower (excluding frlotion horsepower and
gear losses)
Ty ‘indicated temperatura, OR. .
+ . static temperature, R
Vo tunnel airspeed, feet per second
Wa alr flow, pounds p%r gsecond
propeller-blade angle at’ 72 inch radius, degrees
¥ ratio of specific heats for. air
5 rgtio of tunnel-test-sectlon static pressure to pressure
of NACA standard atmosphere at sea level
] ratlo of tunnel-test-section absolute. statlc temperature
to absolute temperature of NACA standard atmosphere
at sea level
Subscripts:
0 tunnel test section free air stream

1 wing-duct inlet
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2 compressor inlet

3 compressor outlet:

4 compressor-outlst elbow
5 turbine inlet

6 turbine outletd

T exhaust-cone outlet

8 tail-pipe-nozzle outlet

The fallowing parameters are generalized to FACA standard sea-
level conditions:

N/ /8 = corrected érgine epeed, rpm
(Wy »8)/6  corrected air flow, pounds per second
QLP)/S corrected total-pressure drop acrosgs combustlon chambers,
pounds per aguare foot
CALCULATIONS.

The shaft horsepower delivered to the engine under windmilling
conditions, excluding friction horsepower and gear losses, is approxi-
mated by the change in energy of the air flowing through the angine

Bhp = oz Wy » (Hg - Hp) (1}

where Wé’z was obtalned from the eqpétion_

(2)
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The static temperature is given by the equation

Ti,2
ty = ’

0.85 \7----1 +1
Y
\2/

The constant of 0.85 in-equation (3) is the thermocouple impact
recovery factor, which was experimentally determined. Air flows
measured at the compressor inlet were used in the calculations
because they were more consistent than measurements at the wing-
‘duct inlets or the Ltail-pipe survey rake. Values of enthalpy ussd
in equation (1) were obtained from reference 2.

RESULTS AND DISCUSSION

A complete tabulation of the windmilling data is presented in
table I. Windmilliing performance characteristlics are presented in
figures 4 to 12 and pressure surveys throughout the Iinstallation
are shown in figures 13 to 19. No correction has been made for tunnel
blocking effects. - Thege effects are believed to be negligible at
high propeller-blade angles, but data obtained at low blaae angles
may he affected.

Windmilling pexrformance charactéfisiics; - Engine windmillihg
sneeds obtained at several airspeeds and altitudes are showm in '
figure 4 as a functlion of propeller-blade angle. A maXimum wind-
milling speed of 13,100 rpm was obtalned at an gl¥#itude of 35,000 feet,
a true airspeed of 269 miles per hour, and & propeller-blade angle of 18
(fig. 4 (4)). PFor all simulated flight conditions, the maximm wind-
milling speeds were obtained gt prqpeller-bla&e anglesd’ from 10° to 16°.

The data in figure 4 were cross-plotted and extrapolated to determine
the true airspeed at which the rated engine speed of 13,000 rpm
would be obtained for any propelle:-b]ade angle in the operating
range of 40 to 46° (fig. 5). At a;true airspeed of 500 miles per
hour, the rated engine speed would?be sxceeded for &1l blade angles
from about 5° to 41°. The desirability of feathering is evident. -

Windmilling shaft horsepowers; as determined from the enthalpy
rise of the air between the compregsor inlet and the tall-pipe-nozzle
outlet, are shown in figures 6 and ;7 as functions of engine wind- .
milling speed and propeller-blade qngle, respectively. Gear losses,
which vary from 20 borsepower at 4QOO rpm to 100 horsepower at
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13,000 rpm, are not Inciuded in the shaft horsepowers given. The
different values of wlndmilling shaft horsepower at & given engine
gpeed in flgure 8 are the result of reduced engine air flow caused

by high preassure losses acroas the propeller dlgk at low blade angles.

Maximum windmilling shaft horsepowsrs cccurred in a range of
propeller-blade angles from 10° to 16°. A value of 612 shaft horsge-
power was obtalned at an altituds of 15,000 feet, a true alrspeed of
209 miles per hour, and a propeller-blade angle of 129 (fig. 7(b)).

Air flow through the engine is glven as a function of engine
windmilling speed in figure 8. A plot of the same data in generalized
form in figure 9 shows that the use of generalizing factors gives good
resulta. Alr flows obtalned at windmilling conditlions and at operating
conditions are very nearly the same.

The corrected total-pressure drop across the combustion chambeis
a8 a function of corrected englne speed is shown in figure 10. These
date also generalizeld very well.

The varistion of windmllling-drag coefficlent with propeller-blade
angle is shown in figures 11 and 12 for various altitudes and airspeeds,
respectively. Maximum values occurred at a, blade angle of about 8C.
For blade angles less than 129, the windmilling-drag coefficients
decreased with increasing mltitude (fig. 11). The effect of change
in airspeed was relatively small (fig. 12). At an altitude of
35,000 feet, a trus alrapeed of 273 mliles per hour, and a- propeller-
blade angle of 38°, the windmilling-drag horsepower of the installation

DtVb was 585. When the blade angle was decreased to 6° "with a true
550

alrapeed in the tunnel of only 255 miles per houy the drag horsepower
increased to 2647. :

Pregsure distribution. - Average total and astatic.pressures
throughout the engine are shown in figure 13 for a range of altitudes
from 5000 %o 35,000 feet. The data are shown for a propeller-blade
angle of 129, at which engine speeds negr the maximum cccurred for all
flight conditiqns The pressure distribution may be somewhat affected
by varlations in blade anglée owing to differences in the blocking
effect of the propeller. Engine windmilling speeds varied from 4100
to 13,000 rpm., TUnder all conditions, pressure drop cccurred across
the last few stages of the compressor. The number of compregsor
stages through which the pressure dropped decreased with increasing
engine spved. Increases in total pressure . indicated betweeh stations 6
and T are attributed to misalirmment of the air flow wifh respect to
the instrumentation gt the turbine outlet.
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Detailed surveys at the measuring stations are shown in
figures 14 to 19 for altitudes from 5000 t¢ 35,000 feet and true
alrgpeeds from 102 to 269 mliles petr hour. Data obtained at 5000 feet
are presented for a propeller-hlade angle of 10° and the data at other
altitudes for a propeller-blade angle of 120. These data represent
engine windmilling speeds varylng from 4100 to 13 000 rpm.
Separation of the air flow on the inner side of the left-duct upper

~ lip in figure 14 is indicated by the low total pressures at the top

of rakes 1 to 4. Under power-oun conditions this separation
occurred at the right dwvct inlet. Separation in both cases was the
result of misalinement of the duct upper lip with respect to the
anproaching streamlines. This mlisslinement was apparently eaussd by
the rotational componentef velocity imparted to the ailrstream in
passing through the propeller disk. Separation occurred under wind-
milling conditions for proveller-blade angles between 40 and 20°.
Large circumferential velocity gradlents existed at the compressor
outlet, with variations in impact pressure ayound the compressor
outlet amounting to approximately 150 pounds per square footb.
Inasmuch as the pressures measured at the turbine outlet in the
windmilling investigation were unrelisble, pressure surveys &re not
shown for that station. The average values, however, are included
in table I.

A total-pressure distribubtlion in the vertical plane at the -
tall~pipe-nozzle outlet was very uniform at low windmilling spseds,
but at high speeds variations of 3 percent in the absolute valuss were
found (fig. 19). At high engine speeds, somewhat higher total ‘pressures
were measured scross the lower portion of the tail pipe.

SUMMARY OF RESULTS

An investigation of the windmilling characteriatics of the
TG-100A gas turblne-propeller engine was conducted in the Cleveland
altitude wind tunnel for a range of altitudes from 5000 to 35,000 feet,
true alrspeeds from 100 to 273 miles per hour, and propeller-blade
angles from 4° to 46°. The followlng resulis were obtained:

1. A windmilling speed of 13,000 rpm was cbtained at an altitude
of -35,000 feet, a true sirspeed of 267 miles per hour, and a propeller-
blade angle of 16° Excesslive engine spesds would be obtained under
windmilling conditions for propeller-blade angles from about 5° to 41°
at a true alrspeed of 500 miles per hour.

2. The very high drag values obtained under windmilling conditioms
made the fegthering of the propeller of an inoperative engine desirable.
At an altitude of 35,000 feet, a trus alrspeed of 273 miles per hour,
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and & propeller-blade angle of 38°, the drag horsepower of the test

installatlon was S85. When the propeller-blade angle was decreased

to 6°, with a true airspeed in the tumnel of 255 miles per hour, the
drag horsepower of the instaliation increased to 2645.

3, For all conditions, maximum engine windmilling speed was
obtained at propeller-blade angles between 10° and 16°.

4, Application of generalizing factors to engine windmilling
speed, alr flow, and comwbustion-chamber total-pressure drop gave good
results. .

5. The maximum windmilling shaft horsepower obtained (not including
goar losses) was 612. This power was absorbed at an altitude of - ’
15,000 feet, a true alrspeed of 209 miles per hour, and a propeller-
blade angle of 12°, : _ ' '

Flight Propulsion Reaearch Laboratory,
National Advisory Commititee for Aeromautics,
Cleveland, Chioc.
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INDEX OF FIGURES

Figure 1. - Blado-form curves for Hamilton-Standard 4260 four-blade
propsller. b, ssétion chord; D, propeller dlameter; h, section
thickness; R, radius to tip; r, section radlus.

Figure 2. - Installatlon of TG-1004 gas turbins-propeller engine 1n
altitude wind tunnel.

PFigure 3. - Installation of TG-100A gas turbins—propeller engine
ghowing wing duct inlets.

Figuro 4. - Variation of engine windmilling spoed with propeller-
blade angle and approximate true airspeed.
(a) Altitude, 5000 feet. .
(b) Altitude, 15,000 foet.
(c) Altitude, 25,000 feet.
(&) Altitudo, 35,000 fect.

Figure 5. - Relation between true airspeed and propellor-blade angle
at ongine apeed of 13,000 rpm. (Data cross-plotted and extropolated
from fig. 4).

Figure 6. - Variation of windmilling shaft horsepower with engins
speed for various propeller-blade angles.

Figuro 7. - Variation of windmilling shaft horsepower with propeller-
blade angle.
(a) Altitude, 5000 feet.
(b) Altitude, 15,000 feot,
{c) Altitude, 25,000 feet.
(d) Altitude, 35,000 feot,

Figure 8. - Varlation of oengine air flow with ongine windmilling
speoed.

Filgure 9. - Variatlon of corrected engine air flow with corrected
enging windmilling epeed.

Figure 10. - Variation of corrected pressurc drop across combustion
chambers with corrected englne windmilling svead.

Flgure 1ll. - Verilation of windmilling-drag coefficiont wlth propeller-
blade angle for soveral altitudoa. True alrspood, 15% miles per hour,

-?
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Figure 12. - Variation of windmilling-drag coefficient with nropoller-
blade angle for varlous true airspee&s
Altitude, 15,000 feet.

Figure 13. - Varliatlion of average total and static pressures bthrough
engine. Propeller-blade angle, 12°
(a) Altitude, 5000 feet.
(b) Altitude, 15,000 feect.
(c) Altitude, 25,000 fect.
(&) Altitude, 35,000 feet.

Figure 14. - Disitrlbutlion of total and static pressure at wing-duct
inlet. : :
(a) Altitude, '5000 fect; propoller-blade angle, 10°.
(b) Altitude, 15,000 feet; propcller-blade angle, 12°.
(c) Altitude, 25,000 feot; propeller-blade angle, 12°.
(d) Altitude, 35,000 fect; propeller-blade angte, 12°.

Figure 15. - Distributien of total and static pressures at compressor
inlet.
(a) Altitude, 5000 feet; propeller-blade angle, 10°,
(b) Altitude, 15,000 feet; propeller-blade angle, 12°.
(c) Altitude, 25,000 feet; propeller-blade angle, 12°
(4) Altitude, 35 000 feet; propeller-blade angle, 12°

Figure 16. - Distributlon of btotal and static presswre at compressor
outlet.
(a) Altitude, 5000 feet.
(b) Altitude, 15,000 feet.
(¢) Altitude, 25,000 feet.
(a) Altitude, 35,000 feet. .

Figure 17. - Distribution of total and static pressures at turbine~
nozzlo inlet.
(a) Altitude, 5000 feet.
(b) Altitude, 15,000 feet.
(c) Altitude, 25,000 feet.
(&) Altitude, 35,000 feet.

Figure 18. - Distribution of total ard static pressures behind
oxhaust-cone outlet,
(a) Altitude, 5000 feet.
{(b) Altitude, 15,000 Ffeet.
(c) Altitude, 25,000 foot.
(d) Altitude, 35,000 feet.
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Figure 19. - Distribution of total and static
nozzls outlet.

(a) Altitude,
(b) Altitude,
(c) Altitude,
(d) Altitude,

5000 feot.

15,000 feeot.
25,000 feet.
35,000 feet,
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Figure 1. - Btade-form curves for Hamilton~Standard 4260 four-blade p ro-
pellier. b, section chord; D, propelier diameter; h, section thick-
ness; R, radius to tip; r, section radius.
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Fig. 2

~ fnstaljation of TG-100 gas turbine-propetler engine in altftude wind tunnel,

Figure Z,
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engine speed of 3,000 rpm. (Data cross-plotted and extrapclated from

fig. 4.1
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Figure 6. - variation of windmilling shaft horsepower with engine speed
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Figure Il. — variation of windmilling-drag coefficient with propelier—blade angle for several alti-
*True airspeed, 153 miles per hour.
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Figure !4, - Distribution of total and static pressures at wing-duct inlet,
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NACA RM No. E7G25 Fig. 15a
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NACA RM No. E7G25 Fig. I5¢
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NACA RM No. E7G25 o - Fig. 15d
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NACA RM No. E7G25 Fig. 16a
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NACA RM No. E7G25 Fig. 16b

3000
Total Statle Windmilling
Rake|l pres— pres— speed
sure sure {rpm)
01—0\ o L 5,700
2600 < a A 8,200
< L 10,600
2200
1 g 3
|
o [
1800 y; =
bt
=
S 1400 .- Q.
e 2
¢ Total-pressure
o 3000 Rake |2 e Static-pressure
o O Compressor outlet looking aft
8 ~ >Rake1 3
g 2600 S —
m
w
4
&
2200
h———0
/—c —%\
1800 Ti =S jf
1400 - ﬂJ&
0 1 2 (o) 1
Distance from inside wall, in NAT JONAL ADV ISORY
COMMITTEE FOR AERONAUT ICS
(b) Altitude, 15,000 feet.
Figure 16. — Continued. Distribution of {otal and static pressures at

compressor outlet,



NACA M No. EVG25 Fig. l6¢c

2200
- Total Static Windmilling
Rake |1 pres— pres- speed
sure sure {rpm)
a%ae o'———éle o p 6’400
cost 1800 4 ﬁ& a] n 8,400
K : < P 10,500
1400 ‘%
) a
1000
8
=
=
: @ 8Q0
G | 2
- & 2200 o Total~pressure
o Rake |2 ¢ Statioc-pressure
g . Compressor outlet looking aft
- o O _(Rake [3
Q
5 1800 ==
73
v
2]
&
oy
1400
h J !
——p———10
1000 —9= y Q=] =
800
0 1l 2 o 1 2
Distance from inside wall, in. NAT IONAL ADV ISORY
Figure 6. ~ Continued. PDistribution of total and static pressures at

compressor outlet.



NACA RM No. E7G25 Fig. 16d
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